The pattern of the use of the Sepetiba Bay, a semi-closed 450 km 2 area in southeastern Brazil, by Anchoa tricolor was investigated to assess spawning period, recruitment and to detect spatial-temporal patterns of this major fishery resource. Fishes were sampled by seine nets, from spring, 1998 to winter, 1999 and by beach seine, from spring, 1998 to winter, 2000. Reproductive season, measured in terms of GSI, gonad development and appearance of recruits, indicate that reproduction occurs from August to March, when they reach the best condition. Recruitment peaks in winter/ spring at sandy beaches where they stay until late summer, moving toward deeper bay areas during autumn. After that, they join adults and perform movements between the bay and the adjacent continental shelf to reproduce.
Introduction
Fishes of the Engraulidae family, known as anchovies, are widely distributed in tropical and sub-tropical waters (McGowan and Berry, 1983) . Most anchovies species spawn in open coastal areas in the inner continental shelf, and the juveniles recruit in protected shallow areas, which offer food and shelter against predators (MacGregor and Houde, 1996) . As adults, they move, on a diel and seasonal basis, between open coastal areas and bays, concentrating in large schools, when they become vulnerable to commercial fisheries (Coto et al., 1988) .
In Sepetiba bay, a semi-closed 450 km 2 area in southeast Brazil (22° 54'-23° 04' S and 43° 34'-44° 10' W), Anchoa tricolor (Spix and Agassiz, 1829) rank among the most abundant fishes either, as juveniles recruiting at sandy beaches, or as adults occupying deeper areas in the bay (Silva et al, 2004; Silva and Araújo, 2003) . Anthropogenic activities from the outskirts of Rio de Janeiro city produce a large variety of effluents that bring into the bay about 290,900 m 3 /day, resulting in organic loads of approximately 70,000 kg BOD/day (Araújo et al., 2002) . Recently, the enhancement of Sepetiba Port, resulted in dredging the access channel to 20 m depth thus increasing pollution.
Anchoa tricolor has supported important subsistence and commercial fisheries, as well as being a major prey item for several other fish species. In recent years their stocks have declined to the point that the fishery has been severely affected (Silva and Araujo, 2003) . One of the most critical periods in the recruitment process of this species is the survival of recruits in deteriorated areas of Sepetiba. Aspects of the reproductive biology and recruitment of A. tricolor in the Sepetiba Bay are unknown. The fishery of A. tricolor occurs between late winter and summer, when adults come into the bay (Silva and Araújo, 2003) . In temperate areas the closed related bay anchovy (Anchoa mitchilli (Valenciennes, 1848) ) is a serial spawner and has a reproductive season during spring/summer when virtually all females spawn at night (Zastrow et al., 1991) .
Evidence to date appears to indicate that anchovies form well-defined shoals in the lower half of the water column during the day for feeding purposes; at night, anchovy shoals spread out considerably (Tudela and Palomera, 1997) . The fishing of A. tricolor within the Sepetiba Bay occurs during daylight when the fish are feeding. This is probably associated with the vertical migration of plankton, when shoals are more concentrated.
In this study we examined the strategy of use of the Sepetiba bay by A. tricolor. The spawning period was investigated and related to the juvenile recruitment at sandy beaches. Furthermore, early life stages were assessed to detect eventual spatial-temporal pattern. We examined spawning season and length frequency distribution of A. tricolor occupying two bay areas. Specifically, we addressed the following questions: What is the role of Sepetiba Bay for A. tricolor early life history? Do spatial differences in sandy beaches influence juveniles?
Material and Methods

Study area
Sepetiba Bay (Figure 1 ) is a sedimentary embayment, which originated by an extensive process of sand deposition that formed a barrier beach at its southern bound. It has a wide communication with the Atlantic Ocean on its western boundary. The bay shows a mean depth of 8.6 m, a maximum depth of 30 m, and its drainage area is c.a. 2,700 km 2 (Araújo et al., 2002) . Waters are predominantly polyhaline (salinity average = 30). The annual rainfall is between 1,000 and 2,100 mm (Araújo et al., 2002 ) but this does not influence the Bay salinity due to the existence of small tributaries only. Most of the substrate is silt and mud. The tidal range is approximately 1 m. Predominantly north-easterly and south-westerly winds activate thermal currents between the bay and the ocean.
Two bay zones were arbitrarily defined to maximize variation in habitat characteristics, including depth, salinity, transparency, temperature and influences of human activities. The outer zone has a sandy and gravel bottom and was close to the sea limit (highest salinity, transparency, depth and lowest temperature); the inner zone, with opposite oceanographic conditions, has a heavy mud bottom and was located within a protected area of the Bay, near to anthropogenic influences from urban-industrial wastes.
Sampling
Two fish sampling programmes were accomplished, one using beach seine nets (10 m long, 2 m deep beach seine with 7 mm mesh) to catch early juveniles, and other using seines to catch adults in the deeper areas of the Bay. Beach seine were performed monthly, from September 1998 to August 2000, at five sites, during the day. The net was pulled through the water parallel to the shore (1.5 depth) for a distance of 30 m and then onto the shore. Three replicates seines were performed at each site. Samples were carried out in site 1, 2 and 3 (outer zone) and sites 4 and 5 (inner zone).
Seine netting in deep areas adjacent to central bay islands (limit between outer and inner zones) was carried out using a 15 m long boat provide with acoustics echo sounder Royal RV400 equipment to monitor fishing procedure. Samplings were performed monthly from September 1998 to October August 1999. The net was 240 m long, 27 m deep with an 8 mm stretch mesh size in the middle-upper half and 10 mm stretch mesh size in the middle-lower half. The net was released with the help of a small auxiliary boat, while the main fishing boat encircled the schooling, closing the net. Total catches (by numbers and weight) and the length-frequency distribution were recorded for each tow. Sub-samples from very abundant catches were made.
Reproduction
From the fixative-preserved ovaries, histological sections were prepared. Tissue was sectioned at 5-6 µm and stained with haemotoxylin and eosin. Each slide was examined at x100 magnification and classified according to the most advanced stage of oocyte development, the level of atresia and the presence or absence of postovulatory follicles.
The oocytes were classified as 1) unyolked; 2) partially yolked; 3) advanced yolked; and 4) with migratory nucleus or hydrated. The relative abundance of α-atretic to advanced yolked oocytes was also noted. Each ovary was examined histologically and classified (Table 1) . Stages maturation as well as juveniles and adults were separated according to the macroscopy scale proposed by Vazzoler (1996) and confirmed by histological observations.
The Fulton condition index (BW x BL -3 ), where BW = body weight and BL = body length, was calculated on a monthly basis. The gonadosomatic index was calculated as (GW x BW -1 ) x 100, where BW= wet body wt. (g) and GW= wet gonad wt. (g).
Results
Size structure
Beach seines
Size of individuals ranged from 18 to 112 mm Total Length (TL), with highest numbers between 22 and 56 mm TL (Figure 2 ).
Monthly length-frequencies indicate that a wide recruitment period for A. tricolor occur in the Sepetiba Bay. In the outer Bay zone, young-of-the-year appeared in spring 1998 (18-30 mm TL) reaching in summer 1998/1999 a size 36-46 mm TL; during autumn 1999 they were not recorded in the samples. Another cohort (18-40 mm TL) appeared in winter 1999 (mode = 26 mm TL), reaching 28-50 mm TL in summer 1999/2000, and again disappearing from the beach samplings in autumn 2000.
In the inner Bay zone, young-of-the-year appear in spring 1998 (18-28 mm TL), reaching 24-30 mm in summer 1998/99. They were not recorded during autumn, reappearing in large numbers in winter 1999, showing size ranging 50-62 mm TL.
Juveniles from spring 1998 showed a comparatively smaller size than juveniles from spring 1999, suggesting an earlier reproductive season in the second yearly period. Overall, individuals recorded in summer showed highest size when compared with other seasons.
Seine
Size of the captured individuals ranged from 76 to 120 mm TL, peaking at 100 and 116 mm. The smallest individuals were common during winter with modes of approximately 84 mm TL (Figure 3 ). Higher abundance occurred in spring/summer when compared to autumn/winter.
Reproductive season
Of 330 ovaries examined, the majority showed advanced maturation stage, being common from August to March; ovaries showing immature/recovering stages were frequent from April to July (Figure 4) . In September about 40% of the females showed early spawning stage.
Average GSI values increased from August to February peaking at September. Lower values were recorded from April to June (Figure 5 ). Fulton fish condition showed highest values from September to February and lowest in June (Figure 6 ).
Discussion
Anchoa tricolor probably spawns in the adjacent coastal area to the Sepetiba bay, since it has been reported to distribute in most saline bay areas, moving between the outer zone and the coastal shelf (Silva and Araújo, 2003) . Most members of the Engraulidade family are reported to spawn in coastal zones and their eggs and larval phases enter estuaries and bays where they find protection and food availability (Coto et al., 1988; Macgregor and Houde, 1996) . This could be a strategy for A. tricolor to optimise recruitment at a sandy beach in the Bay, by getting close to recruitment areas minimizing high mortality rates in this critical period as eggs, larvae and young-of-the-year. Predominant ocean currents that penetrate the Sepetiba Bay on the west side could transport eggs and larvae contributing to the high recruitment rate at the sandy beach in the outer Bay zone. Waters parcels entering Sepetiba Bay were reported by Stevenson et al. (1998) . Since the early eighties the importance of sandy beaches in Sepetiba bay was reported by Pessanha et al. (2000) , that ranked Engraulidae among the most abundant group of fish at beach seines, especially those located at the outer Bay, where conditions are close to the adjacent sea, and anthropogenic influences are comparatively low. Ten years later, Araújo et al. (1997) recorded this family as the second most abundant group of fishes at the same beaches, confirming the important role of these beaches.
Shoals formations are mechanisms for individual protection against predation. Some shoals performed vertical migration, moving to deeper areas during daylight hours, and dispersing at night, following plankton upward vertical migration (Lowe-Mcconnell, 1988) . As a consequence, fishing occurs during the day, since at night there is not enough fish concentration to justify commercial investment, due to their spread out distribution. In Sepetiba Bay this pattern is found since fishing occurs only during daylight hours and takes place in deeper areas near island formations (Silva and Araújo, 2003) .
Anchoa tricolor is a serial spawner with reproductive season from August to March, and this coincides with the increasing photoperiod in Sepetiba watershed area. The occurrence of ripe individuals between October and February that contain eggs in different development stages (Oocytes 1, 2, 3 and 4, with the latter being more numerous) is an indication that serial spawn occurs. Raising temperature in this period probably increases zooplankton availability favoring larvae development. It was found that organic and inorganic nutrient loads brought into the bays by tributaries and drainage channels, favour larvae and juvenile development (Macgregor and Houde, 1996) . Castrow and Cowen (1991) found a correlation between A. mitchilli and copepod nauplius concentrations, and related the survival of anchovies to nauplius concentration. Another explanation is that the adults spawn in direct response to temperature and photoperiod, as suggested by Zastrow et al. (1991) , and that the association between older larvae and their prey occurs as the result of spatio-temporal variability in survival of first-feeding larvae.
The relatively high gonadosomatic index (GSI) found between August and March suggests a wide spawning period between late winter and late summer, and a recovering period between April and June. Unexpectedly, only few early recruits (TL < 30 mm) were recorded in summer which seems to be the final stage of the reproductive period; such early recruits are common in winter/spring. Spawns probably begin in winter in spite of relatively low GSI, which is influenced by large numbers of individuals with 76-92 mm TL that join adults in deeper bay areas. Furthermore, no information is available on temporal occurrence of eggs and larvae and how long they take to reach the recruitment size. Fish condition was at the highest between September and February overlapping with GSI peaks. Condition, according to Vazzoler and Vazzoler (1965) enables the assessment of variation in the overall health of the species, dictated by several factors, among them, feeding availability. The highest condition recorded between September and February suggests that better feeding conditions in this period Overall a hypothesis for A. tricolor early life cycle can be drawn from the above results (Figure 7) . Adults penetrate into the Bay in winter, spawning near to the bay connection with the sea, and young-of-the-year are brought to outer bay sandy beaches by incoming currents favoring recruitment. Young-of-the-year spend almost the first year at sandy beaches, then move away to deeper areas in the Bay, which are used as rearing grounds. After two years old (>110 mm TL) they join adults migrating to the continental shelf. allowed reserve tissue concentration and consequently the best physiological condition. The best condition for A. tricolor during the spawning season coincides with the hypothesis that this species spawns in a period of high food availability. In spite of Vazzoler and Vazzoler (1965) considering the spawning period as a time of high energetic loss, and consequent low condition, this was not observed for A. tricolor in the Sepetiba Bay. Hunter and Leong (1981) indicate that most of the energy required for spawning has to be obtained from the food consumed during the spawning period itself.
Growth of clupeoids in tropical waters is faster and the life cycle is shorter when compared to temperate areas. Engraulis ringens Jenyns, 1842, a very common species off the Peruvian coast, survives up to eighteen months and this lifetime period is remarkably shorter when compared to the Engraulis mordax Girard, 1854 population off the California coast that reaches up to 5 or 6 years (LoweMcconnell, 1988 ). In Sepetiba Bay, A. tricolor spent almost one year at the sandy beaches, moving toward deeper areas during autumn. After that they reach a size of 76-92 mm TL and join adults in deeper Bay areas when they are supposed to move between the outer bay and the continental shelf to reproduce. A part of small sized individuals (50-62 mm TL) return from the deep bay areas to the beaches in winter joining the recruits (Figure 7) .
Individuals recruited in spring with 18-30 mm TL reach 36-46 mm TL in summer in the outer Bay, and only 24-30 mm TL in the inner Bay. The small sample size in summer 1998/1999 in the inner zone is insufficient to support a robust inference on growth. Betweenyear changes in recruitment and growth rate could also occur. In 1998/99 reproduction could have occurred later than in 1999/00, as indicated by the different size of early recruits in spring. In autumn no recruits were recorded at beaches suggesting a movement away from this area in this period. Another hypothesis is that high mortality in this period could occur and explain the absence of fish in this season. 
